This article has two objectives: to analyse the effects of the housing subsidy on access to credit and on real-estate investment; and to study the influence of those relations in the Chilean experience. Following a review of the financing and subsidy systems in Chile, a theoretical model is put forward to analyse the effect of subsidies on housing credit and on the equilibrium of the real-estate market. The model offers new perspectives on the role played by subsidies policy and the structure on which the empirical research is based. The econometric analysis corroborates the two main theoretical proposals, namely: access to the subsidy increases a family's chances of obtaining credit and reduces the number of families living in a housing-deficit situation. The econometric results also help to interpret the trend of the housing deficit in Chile.
In the mid-1970s, a far-reaching reform of the realestate financing system was undertaken in Chile, with the explicit aim of boosting investments in homes and overcoming the housing deficit. Innovative mechanisms combining credits and subsidies were created, and these had an immediate effect on the market.
Apart from representing a satisfactory experience of real-estate financing and serving as a benchmark for other Latin American countries, the Chilean case provides a good empirical basis for an analysis of how a subsidies policy can affect economic agents' decisions and the volume of real-estate investments -partly because it is a policy that has now been applied for many years, so its long-term effects can be observed. Moreover, the wide variety of home-purchase modalities available allow for a more effective evaluation of the relations that exist between subsidy, credit and income. Housing can be financed through subsidies, credit, self-financing without subsidies and, lastly, through a combination of credit and subsidies.
This article is organized in five sections following this introduction. Section II describes the Chilean financing model and the main subsidy programmes; section III sets forth a theoretical model to analyse how subsidies influence housing credit and affect equilibrium in the real-estate market. That model offers new perspectives on the role played by subsidies policy and provides the structure on which the empirical research reported in the following sections is based. Section IV performs an econometric analysis to measure the influence of the subsidies on a family's chances of obtaining housing credit, which, in addition to helping to interpret the Chilean experience, provides empirical elements that corroborate the proposed theoretical model. Section V describes the methodology for estimating the housing deficit in Chile, and provides details of the calculations, based on data obtained from the National Socioeconomic Survey (casen). The section also reports other econometric research inspired in the relations that exist between the variables that determine real-estate investment. The article concludes with a section offering final thoughts.
I

Introduction
II
summary of housing policy in chile
Chilean housing policy has three dimensions: (i) the financing system; (ii) the subsidies policy; and (iii) the regulations governing construction and urban development. Each of those dimensions has evolved at a different rate over the last 50 years, displaying well-defined phases. This section reviews the housing-finance models, the subsidy policy and its interaction with credit -issues that provide the central focus of this article. 1
Financing system
The history of housing finance in Chile in the twentieth century can be divided into three periods, identified by the financial intermediation instruments used to channel savings into real-estate investment: (i) up to 1959; (ii) from 1959 to 1976; and (iii) after 1976. According to Morandé (1993) , mortgage finance played a key part in Chilean financial intermediation policy in the first period. In the 1930s, mortgage bonds -instruments issued in pesos with nominal interest rates-grew to represent 50% of total bank lending. In the wake of the upsurge in inflation from 1940 onwards, however, the corresponding interest rates fell below the rate at which prices were rising and came to represent income transfers from investors to mortgage borrowers. The market was unable to resist, and the supply of credit in the system decreased sharply.
In 1959, the government solved the problem by creating tax incentives for both supply and demand, defined in Decree with Force of Law No. 2 of 1959 (dfl2). The innovation contained in the decree consisted of instituting a monetary-correction scheme for long-term operations, thereby making it possible for investment and saving to coexist with high inflation rates.
In the same year, the National Saving and Loan System (sinap) was created. This played an important role in capturing saving through saving and loan associations; and it also revitalized housing activity and validated the system of readjustment indices, which formed the basis for the subsequent success of the new housing finance systems established from the 1970s onwards.
The indexation of saving deposits and mortgage loans, which remains in force today, played a crucial role in eliminating inflationary risk and guaranteeing the supply of credit at lower cost.
In the 1960s and early 1970s, the government introduced a wide-ranging subsidies policy to help low-income sectors purchase homes. Between 1960 and 1969, nearly 68 ,000 families received a subsidy to buy their own home, and the number grew to almost 150,000 between 1970 and 1979 (see figure 1). In just three years of that period, from 1970 to 1972, over 72,500 families received the subsidy.
The sinap lost momentum in the 1970s, however; and between 1974 and 1976, the number of housing units financed per year (16,100) fell by 28% compared to the previous four years (22, 400) . 2 That occurred because savings dwindled in the wake of the recession, and this was compounded by a loss of purchasing power among the population and political instability in the country. There was also a mismatch between investment and savings maturity periods, a problem previously encountered in the North American system.
In 1976, a new institutional framework was introduced through structural reforms to liberalize the economy, accompanied by economic stabilization measures. This resulted in a far-reaching reorganization of the capital market, which in turn had repercussions on financial intermediation and housing credit.
The social security reform implemented in late 1980 was another important factor which promoted the secondary securities market and channelled large amounts of long-term savings into real-estate financing. According to the Pensions Supervisor, the number of funded pension accounts grew rapidly following the 2 casen Survey 2009. 1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2009 Savings banks, which had a total of almost 14 million accounts holding assets of over uS$ 130 billion in late 2010, provided some of resources used for housing credit. 4 The funds held in those saving accounts represented an asset for Chilean families that could be drawn on when purchasing a property, thereby reducing the need for credit. Moreover, while those funds remain in the financial system, a portion is used to make real-estate loans.
under the new system, housing came to be financed through various combinations of public and private funds. The system is based on granting long-term credit (from eight to 30 years) in two modalities: (i) mortgagebacked bearer bonds (letras de crédito hipotecarias); or (ii) negotiable mortgage loans (mutuos hipotecarios endosables). Both instruments are denominated in an inflation-linked unit of account, known as the Unidad de Fomento (uf), which is adjusted on a daily basis according to the variation in the consumer price index (cpi), thereby ensuring that the real values of the credits are maintained. The resources underlying mortgage bonds and loans come from pension funds, life insurance companies and private investors.
In addition to mortgage finance, the new housingfinance system is based on two other sources of funds: subsidies and prior saving. Explicit subsidies represent a social wealth-transfer mechanism, which uses tax revenue to overcome the shortage of homes and reduce the need for credit.
While prior saving also reduces families' need for credit when purchasing properties, as the corresponding funds are built up they used to grant loans, thereby increasing the supply of credit. out of a contracted amount of uf 170,859 million. 6 The sheer volume of funds captured by the system reveals the importance of prior saving in the formation of funds for lending.
This home-financing model has remained virtually unchanged until the present day. Following the end of the military regime in 1992, the subsequent democratic governments have maintained the general design of the system while increasing the resources available for subsidies. In the 1980s, subsidies were paid to 330,000 families, and the number rose to 515,000 in the following decade (see figure 1) . As a result of this and the economic growth of the 1990s, the volume of credit also grew.
subsidies policy
The housing subsidies policy created in Chile in the 1970s has remained essentially unchanged to the present day (Simian, 2010) . The policy reflects the principles of equity and progressivity: access is universal, and the subsidies are proportionately larger for the lower-income population. In general, the system is based on granting subsidies for demand or the construction and donation of homes. In the first modality, the government issues a voucher to be used to pay for part of the value of the home, thereby reducing the need for prior saving and credit. The house-building and transfer policy is applied to the lowest-income sectors of society, who are unable either to accumulate prior saving or to obtain credit.
From the mid-1970s until today, Chilean housing policy has coexisted with numerous subsidy programmes that differ in terms of their area of action (rural or urban), the target public and type of home. The main programmes in that period have been: (i) the Basic Housing Programme; (ii) the unified general Subsidy (sgu); (iii) the rural Subsidy Programme; (iv) the Economy of Labour Programme (pet), and (v) the Progressive Housing Programme. According to data from the 2006 casen survey, those five programmes accounted for over 75% of the subsidies granted between 1976 and 2006. The other subsidy programmes relate mainly to social renting, leasing, and the purchase of urbanized lots.
The Basic Housing Programme was created in 1975 and operated until the decade of 2000. It targeted families in the first and second quintiles of the income distribution, without their own homes, living in marginal housing in urban and rural zones. The programme defined guidelines for home financing for low-income persons in Chile through a combination of prior saving, subsidy and credit. The average subsidy amounted to 70% of the price of the home. 7 The general unified Subsidy, created in 1978, targets medium-low-income families, who are not home-owners but have sufficient payment capacity to obtain bank credit. The family has to demonstrate a willingness to pay for the home, through prior saving deposited in an earmarked bank account (housing savings account). This system makes it possible to purchase a new or used home on a definitive basis in an urban or rural area.
The rural Subsidy Programme started to operate in 1980 and targeted families living in marginal housing in the rural area, but who owned a piece of land in the rural zone, or had rights on it. The programme required the contribution of the land (another form of prior saving), while the rest was financed through a bank loan.
The Economy of Labour Programme (pet) was created in 1985 to serve families without a home of their own who belonged to organized social groups, preferably linked to professional categories or workers' associations. Like the Basic Housing Programme, the pet assisted families from urban and rural areas under the prior saving-subsidy-credit triad.
The Progressive Housing Programme started to operate in 1990 to meet the needs of families without homes who were cohabiting with other families or living in marginal housing. Priority was given to families in the first quintile of the income distribution. The homes in this programme were envisaged as being built in stages; the first stage involved a 13 m² dwelling on a land plot of 100 m²; the land plot needed to be fully urbanized and the house had to have sanitary infrastructure and one room. After that initial stage, the family could complete the house using their own resources or apply for government support for the following stage. Access to the programme required the existence of prior saving, and the rest of the financing was provided through the state subsidy and mortgage credit granted by the Housing and urban Development Service (serviu).
These programmes were revised and replaced by new ones as from the decade of 2000. As noted by Simian (2010) , the main changes consisted of a revision of the benchmark values and abolition of the modality 7 For further details of this programme see minvu (2007 The subsidies policy and its interaction with financing mechanisms were fundamental for increasing housing investments in Chile, because:
"The housing subsidy is a demand subsidy mechanism designed to overcome the problem of information asymmetry, reducing the need for credit and thereby avoiding excessive risk for financial institutions, which would not lend without an intervening subsidy" (Simian, 2010, p. 288) . The subsidy thus reduced the need for credit and minimized the risks of lending to low-income sectors, by increasing the supply of credit. Moreover, the housing subsidy is granted with the backing of prior saving. 8 According to Domínguez Vial and Nieto de los ríos (1993) , this subsidy also represents a way of measuring the initial effort and capacity to generate saving, thereby reducing information asymmetry.
Data from the 2009 casen survey show the relation between credit and the subsidy in Chile. By 2009, a total of 1,633,000 Chilean families had obtained subsidies to purchase homes (see table 1), of whom 1,276,000 also obtained credit to finance the purchase (32% of Chilean families). While 358,000 families relied on the subsidy alone, another 527,000 families had access to credit, but did not receive a subsidy to purchase their home. Over 70% of the families that obtained credit (1.8 million) also received a subsidy; so, as noted by Simian (2010) , the subsidy seems to increase the chances of obtaining credit. Nonetheless, about 62% of Chilean families (3.5 million) did not have access either to credit or to the subsidy. 9 Table 2 shows the number of families that had access to credit or benefited from subsidy programmes in the period . In that time, over 3.1 Chilean families purchased a home, of whom half had access to credit and 35% obtained both credit and a subsidy. In contrast, 40% did not benefit from any type of programme for purchasing their home, whereas 72% of families with access to credit also received a subsidy. These figures strengthen the aforementioned idea that access to credit seems to depend largely on receiving the subsidy. 
III subsidies, credit and real-estate investment
The role of housing subsidies is generally viewed in term of their permanent effect on the income flow and wealth of families. 10 Nonetheless, this article starts from a broader hypothesis: as the subsidy is an instantaneous transfer of resources to pay part of the value the property, it affects general housing conditions and, hence, influences the decisions made by banks regarding the supply of credit.
Housing subsidy and the return earned by banks
A home loan is a contract that involves five elements: the amount of the loan (B); the rate of interest on the loan (r*); the subsidiary collateral (C) consisting of the real asset used to guarantee the loan (mortgage); the amount subsidized (S); and the amount of the downpayment (E). The mortgage is foreclosed if the contract is not fulfilled. In terms of home financing, the value of the collateral is equal to the value of the property. To simplify, we assume that the contract defines two periods of time: in time t, the borrowing takes place, and in t+1 the borrower must pay back the principal and interest. It is assumed that the amount of the loan taken out in the initial period corresponds partly to the collateral, less the amount of subsidy. This relation is established in equation (1), in which λ is the percentage of the value of the property being financed, having deducted the subsidy (-0 ˂ λ ≤ 1). The remainder (1 -λ) is equivalent to the prior saving demanded by the bank for the financing -the contract down-payment (E). It is assumed that 0 ≤ S ≤ C.
Fulfilment of the contract depends on a basic financial condition, equation (2), and on the probability distribution of fulfilment. The financial condition for the payment requires that the value of the debt plus interest shall not exceed the value of the collateral, for otherwise the borrower would be better-off defaulting on the debt and handing the subsidiary collateral over to the bank when the loan falls due.
Provided condition (2) is satisfied, the contract will be fulfilled or otherwise depending on the interest conditions and the resources available to the borrower. Let p be the probability of fulfilment of the financing contract: in period t + 1 each contract has a probability p of being paid and (1 -p) of not being paid. The probability p depends on the resources of the families (w) and the interest rate on the home financing, as shown in equation (3).
A rise in the interest rate on the home loan is assumed to reduce the probability of fulfilment of the contract, whereas an increase in the wealth of the families raises this. 11 The second derivatives are assumed positive. 
The return to the banks depends on the parameters of the contract and the probability of fulfilment. If the borrower respects the contract, the bank pays out the amount lent and receives the same amount back plus the loan interest. If the borrower does not respect the contract, the bank loses the amount lent but receives the subsidiary collateral. Figure 2 shows the return to the banks each case. To simplify, it is assumed that the value of the collateral in t + 1 is equal to its value in t, in other words, neither the increase in the value of the property through time, nor the depreciation rate (δ) in the period, are taken into account.
Considering the two possibilities, fulfilment or not fulfilment, the bank's expected return (Π) is a function of the loan interest rate, the amount of the subsidy and the amount lent.
The banks' expected rate of return is defined as the expected return divided by the amount lent:
The banks are assumed to be profit-maximizers, so the interest rate on the loan will be that which maximizes the bank's expected return, as proposed by Stiglitz and Weiss (1981) . Formulating the derivative of the banks' expected rate of return with respect to r*, and taking account of equation (3), gives:
This relation may be greater or less than zero (0) depending on the interest rate on the loan. given that p>0, p' r <0 , as assumed in equation (4), and C ≥ B, when the interest rate tends to zero (0) the derivative is positive. In contrast, when r* tends to infinity, the derivative is negative. Identifying the interest rate that maximizes the banks' rate of return requires setting the aforementioned derivative to zero (0). That condition assumes that:
Consequently, there is a maximum interest rate that is positive. If the interest rate is greater than r*, the banks' rate of return is not at a maximum. 12 The amount of the subsidy granted to purchase a property affects the expected return to the banks. As the value of the subsidy rises, the amount lent by the bank declines, because part of the price of a property has been paid by the government. Substituting definition B of equation (1) into (7) 
The derivative of the banks' expected rate of return with respect to the subsidy is:
This means that the larger the subsidy, holding other variables constant, the greater will be the banks' expected rate of return. An analysis of the second derivative of the rate of return with respect to the subsidy shows that the rate of return rises at increasing rates as the amount of subsidy rises. Another important point is that the subsidy affects the loan interest rate r* that maximizes the banks' return -equation (8). As B contains the value of the subsidy, a change in that value affects the equilibrium rate. Formulating the derivative of equation (8) with respect to S, gives:
Thus, the larger the subsidy, the higher will be the loan interest rate, because the increase in the value of the subsidy shifts the banks' expected yield curve (see 12 Confirmation r* is a maximum, requires calculating the second derivative of the bank's rate of return with respect to the loan interest rate. figure 3). Like the interest rate, a larger subsidy also involves a higher return. Nonetheless, the increase in the subsidy means that the loan interest rate that maximizes the banks' return is greater.
Housing subsidy and credit market
As the subsidy has a positive effect on the return on bank loans for home financing, it also affects the supply of credit to purchase a home (L S ). The influence of the subsidy can be better understood by considering the figure proposed by Stiglitz and Weiss (1981) . Starting from the Cartesian coordinate (L S , Π) in figure 3, it can be seen that the interest rate that maximizes the banks' expected return defines the final point of the supply of credit by the banks. The amount of credit supplied by the banks also depends on the volume of funds that are available for lending in the economy, which is an exogenous variable designated by M. The first quadrant of the figure shows the relation between the supply of credit and the loan interest rate. Supply rises with the interest rate up to point r*, after which it declines as the interest rate continues to rise.
In this system, the granting of the subsidy shifts the banks' expected yield curve (quadrant (Π, r)), which means an increase in the supply of credit (quadrant (Π , L s )). These changes affect the relation between the interest rate on real-estate loans and the supply of credit: the credit supply curve shifts upwards in the (L, r) quadrant. This means that, with the same interest rate (r*), an increase in the subsidy has a greater effect on credit supply; moreover the amount of credit supplied also increases in response to the rise in the home-loan interest rate from r* to r**.
When the funds available for financing realestate investments increase, the supply of credit also grows. Nonetheless, that expansion does not affect the loan interest rate that maximizes the expected yield. Consequently, the effect should be seen as an upward shift in the credit supply curve.
Lastly, it is necessary to analyse the effect of the subsidy and other parameters that define the real-estate financing contract, on families' decisions to take out loans to purchase their own homes. Based on the models used in Stiglitz and Weiss (1981) , families are assumed to have a utility function U(w) that responds to the level of wealth. Marginal utility is positive and decreasing: U´>0, U''<0. The decision to borrow to purchase a property is based on the family's comparison of expected utilities obtained from: (i) the risk-free investment alternative; (ii) taking out a loan, or (iii) self-financing of the home.
In the first case, the family does not purchase the property but rents their housing. All family resources are invested risk-free financial assets. The expected utility of alternative (i) is defined as the utility associated with the value of the family's initial wealth (w 0 ), capitalized by the rate of return on the safe investment (r), less the rental payment.
If the family obtains a home loan (situation (ii)), the expected utility corresponds to equation (10), namely the probability-weighted sum of the utilities in the case of payment or non-payment of the debt. When the debt is paid, the family's utility corresponds to the value of initial wealth less the down-payment made to purchase their own home, capitalized by the market interest rate, having deducted the principal and debt service on the home loan, plus the value of the property. If the loan is defaulted, the utility corresponds to the value of wealth less the down-payment for the purchase of the home, capitalized by the market interest rate, less the value of the property which reverts to the bank.
If the family chooses to self-finance their house purchase (situation (iii)), the expected utility corresponds to expression (11). That value is virtually the same as in equation (9), except that the value of the property multiplied by r is deducted, instead of the rent.
A direct comparison of equations (9) and (11) leads to the relation that defines the choice between the safe investment or self-financing of the property. The expected utility of self-financing is greater than that of the safe investment when the rental R exceeds the value of the property multiplied by the interest rate on the safe investment (C.r). The latter is the amount of financial income that will be forgone because the money was invested in the property. 13 The analysis of the decision to take out a loan entails comparing the expected utility functions (10) and (11). For that purpose, equation (10) is divided into two parts: the first indicates the value obtained when the loan is paid (subindex 1); and the second the value in the case of default (subindex 2). The first part of equation (10) can be written as follows:
Comparing the argument of this function with that of equation (11) shows that the expected utility of self-financing could be either greater or less than the expected utility of the loan (in the case of payment). When the following expression is positive, the expected utility of the loan (in the case of payment) is less than the expected utility of self-financing:
This is so because the value of the subsidy, capitalized by the interest rate on the safe investment, is greater (in absolute terms) than the amount of the debt multiplied the difference between the interest rate on the safe investment and the rate on the real-estate loan. If there is no subsidy, clearly U b1 < U c . As the value of the subsidy rises, the expected utility of the loan tends to be greater than the expected utility of self-financing. The same is true when the home-loan interest rate tends towards the safe-investment rate.
The second part of equation (10), related to subindex 2, can be written as follows :
A comparison of the argument of this function with that of equation (11) shows that the expected utility of self-financing can also be greater or less than the expected utility of the loan in the case of default. The condition is as follows: U c is greater than U b2 when C + E.(1+r) is greater than C.r. This happens when the interest-rate r is less than the ratio between (C + E) and (C -E), in other words, when the interest rate on the safe investment is not very high. For example, if E were equal to zero (0), the limiting two-period interest rate would be 100%. If there is an interest rate greater than 100% between the two periods, 14 the expected utility of the loan tends to be greater than that of self-financing, as the value of the down-payment decreases.
In short, the expected utility of requesting a loan could be greater or less than the expected utility of self-financing. Nonetheless, loan contracts with a high subsidy and a small down-payment are known to increase the expected utility of choosing a loan. The same is true when the loan interest rate tends towards the rate on the safe investment. Moreover, low rental rates or high interest rates on the safe investment repress both self-financing and borrowing for the purchase of owner-occupied housing.
Family decisions are also affected by their level of wealth. In the case of very poor families with very little initial wealth w 0 , the amount of the down-payment (E) prevents them from entering the credit market. They are also unable to self-finance, because if their initial wealth is less than the value of the down-payment, it will also be less than the value of the property. Families in this situation put their sparse resources in the safe investment, and therefore rent their home.
In the case of families whose initial wealth is greater than the value of the property, it is assumed, on the basis of progressivity, that the homes they seek are not eligible for a state subsidy. In this case, as noted above, the utility of the loan is certainly less than that of self-financing if the debt is repaid (U b1 < U c ). If the debt is not paid, for U b2 to be less than U c , the value of the property demanded by the family needs to be greater than half of the value of the debt, capitalized by the interest rate on the safe investment. If this is the case, the family will choose to self-finance their home. But even if the latter condition does not hold, it should be remembered that the probability of default declines as family wealth grows (equation (4)). For this reason, the decision to self-finance owner-occupied housing becomes more advantageous as the initial wealth of the families increases. Borrowing to purchase their own home is, therefore, an alternative typical of the middle-class. 14 This is a common level in real-estate financing plans. The two-period interest rate is the total value of interest paid in a financing operation divided by the value of the loan. In a financing plan with a constant instalment, for instance for a 30-year period and at an interest rate of 9% per year, the two-period interest rate would be 192%. If the annual interest rate were 6%, the two-period interest rate would be 118%.
A direct consequence of the above is that housing subsidies affect the demand for credit. When the subsidy value increases, the utility of loan financing rises and will exceed the utility of self-financing for some families. Moreover, the increase in the subsidy reduces the value of both the loan and the down-payment, and thus expands the set of families that apply for and are granted credit. Thus, the subsidies have a direct and positive effect on the demand for credit.
the housing subsidy and the dynamic of the real-estate market
The dynamic model of housing investment follows the formulation proposed by garcia and rebelo (2002), which is based on Muth (1960) and Tobin (1969) . In this model, the economy consists of N t families which grow at a constant rate of n. At time t, the demand for properties by the representative family, k t d , depends on wealth (w t ) and the rental value (R t ). The demand for properties is given by equation (12):
It is assumed that and and and ; in other words the variation in the demand for property with respect to wealth is positive and the variation with respect to the rental is negative. For convenience, it is assumed that g(R t ) is a linear function: g(R t ) = -β.R t , β>0. In the short run, the supply of properties is fixed, and given by equation (13).
The rental value is determined by the equilibrium between demand and supply:
To analyse investor behaviour, the profitability of real-estate enterprises is defined. Following Tobin (1969) , q t is defined as the ratio between the market price of the property (pm t ) and the replacement cost of one unit of housing capital (c t ). Assuming that the cost of construction is constant and equal to 1, q t is equal to the market price of the properties, which varies according to the profitability net of depreciation provided by the rental income on the asset. 
The yield of the real-estate asset between two periods has three components: the capital gain q t , the rental income (R t ) and the physical depreciation (δ) of the asset, which is a proportion of the property value q t . The rate of return (r K ) is defined as the ratio between the yield and the asset price.
rearranging expression (15) gives:
Substituting expressions (12) and (13) into equation (16), gives the dynamic equation q t :
The model is completed by observing the variation in the amount of housing capital through time. By definition, the amount of capital in t is equal to the capital in t -1, less capital depreciation in t, plus investment: 
Credit rationing is introduced into the general dynamic real-estate model through the families' investment function (i t ). This function responds to the amount of credit offered by the banks and property prices, and is defined as the sum of the investment made by families classified in three classes according to their income level. Classes a and c encompass very wealthy and very poor families, respectively. Families of medium wealth belong to class b.
Very poor families, whose wealth is less than the down-payment on the property, do not have access to credit. In this case, their wealth is also less than the value of the property itself. Consequently, those families are not in a condition to self-finance and therefore rent their housing. real-estate investment serving that sector of the population is undertaken by third parties, in other words by investors seeking the rental income. For that group, the arbitrage condition proposed by garcia and rebelo (2002) applies, which means that the investment for class-c families depends on the ratio between the market price of a property and the replacement cost (q t ), as expressed in equation (19) . It is assumed that θ c > 0; in other words the higher the market price of the properties for a given construction cost, the greater will be the amount of housing investment.
Very wealthy families do not participate in the credit market because it is more advantageous for them to selffinance their own home. For those families, investment also depends only on the ratio between the price of the property and the construction cost.
Investment by families in class b is defined by the sum of the value financed and the value of autonomous investment. The latter arises from (21), and loans per family are determined by equation (22). The total value of investment is obtained through equation (23):
In these equations, m represents the amount of funds available in the economy for lending to families, and s is the amount of subsidy per family. The average investment per family is a weighted average of the investments made by families in each class. The weights correspond to the proportion of each class in society, defined as the number of families in each class divided by the total number of families. Defining the proportion of each class as ɸ a , ɸ b and ɸ c , such that ɸ a + ɸ b + ɸ c = 1, gives equation (24) 
Equations (17) and (25) form the system of differential equations that define dynamic equilibrium in the real-estate market. 15 The equilibrium of the system is found in the steady state of variables q and k. Expressions (26) and (27) describe the equilibrium curves of the price and quantity of housing capital. While the curve described by equation (26) has a negative gradient, that described by equation (27) slopes upwards. System equilibrium is defined in the intersection of the two curves, and the equilibrium values are shown in expressions (28) and (29). 
. .
15 The system has saddle-point stability, because the jacobian determinant is negative:
Lastly, the effects on housing-market equilibrium of changes in the system's exogenous variables need to be evaluated, namely the amount of subsidy per family (s t ), the value of funds available for lending per family (m t ), average family wealth (w t ) and the rate of growth of the number of families (n t ). An increase in the amount of subsidy per family reduces the value of the property and increases the amount of capital. Those effects, described by the partial derivatives set out below, correspond to a downward shift in the curve k 0 t = o (see figure 4 (a) If there is an increase in loanable funds in the economy, the price of the property will fall and the amount of capital should increase. This is because the curve k 0 t = o also shifts downwards (see figure 4(b) ). These effects are described through the partial derivatives: 16 In this model, the effects of the subsidy on the price of the property and the equilibrium amount of housing capital tend to be greater in societies with a relatively larger middle class. An increase in family wealth raises the market price of properties and increases the amount of housing capital. In this case, there is an upward shift in the curve q t o = 0 (see figure 4(c) ). That the effect is described through the partial derivatives of q* and k* with respect to w t . Faster population growth raises the market price of properties and reduces the amount of housing capital per family, as a result of an upward shift in the curve k 0 t = o . 
subsidies and housing deficit
garcia and rebelo (2002) proposed a formula for relating housing investment to the housing deficit, based on the hypothesis that there is an arbitrary level of income, y c , below which basic housing needs are not satisfied. In other words, below that level, the family is in a housingdeficit situation. This article adopts a similar approach, in which the critical variable is the amount of capital (k c ).
The foregoing results show that family wealth and the amount of housing capital are positively related. Thus, for the critical level of capital k c , there is a critical wealth level w c . Families with a very low wealth level (w l ) reach equilibrium with a small amount of steady-state capital; these are families in a deficit situation. Those that are not in deficit conditions have a higher level of wealth (w h ). The steady-state price of properties (per m 2 ) is also different for each class, which means that the property market is segmented.
The absolute and relative housing deficit is given by:
and . 
Source: prepared by the authors on the basis of Fernando garcia and André rebelo, "Déficit habitacional e desigualdade da renda familiar no Brasil", Revista de Economia Aplicada, vol. 6, No. 3, São Paulo. As shown in figure 5 , the subsidies policy has the effect of redistributing the amount of capital from π i (k) to π' i (k), which expands the sector of the population A logistic regression model was used to identify the factors that determine the probability of obtaining credit. Access to credit (c) is a variable with a binary distribution, which indicates whether the family obtained the property using credit (c=1) or not (c=0). The estimated function is described through equation (32):
where G(z) is a logistic function that takes values between zero (0) and one (1) for all real numbers z, such that:
The set of variables that affect the probability of a family having access to credit (X) includes: its access to subsidy programmes; its monthly family income; the number of family members; the age of the head of the family; his or her level of schooling; the location of the home in rural or urban zones; regional units, and a dummy time variable (representing the financing regime) to distinguish homes acquired after 1976, the year in which the Chilean housing financing system was reformed.
The regression results are reported in detail in table 3. 19 The coefficients of income, access to subsidy, financing regime and schooling of the head of the household are all positive and significant; in other words as those variables increase, the probability of obtaining credit also rises. The coefficient on the subsidy variable is on the order of three, which means that if the family receives a subsidy, its chances of obtaining credit improve considerably. The financing regime variable displayed a positive and significant coefficient: after 1976, the chances of obtaining credit for own-home purchase are almost 20 percentage points higher than in the previous period. This reflects the effect of the policies promoted in that period, which restored the conditions of realestate credit in Chile.
The empirical model described above corroborates the idea that access to the subsidy improves the chances of gaining access to credit. The subsidy thus supplements the income of poor families and reduces the banks' credit risk, allowing both the demand for and the supply of credit to expand. Nonetheless, the model's major shortcoming is the absence of other control variables for the supply of credit in the Chilean real-estate market. The casen survey that was analysed encompasses homes acquired between 1930 and 2009, in other words those purchased with and without credit under a very different macroeconomic conditions and credit regimes (see section II).
As noted in the theoretical model, macroeconomic conditions affect the supply of funds for real-estate credit; and the value of the down-payment (related to prior saving) affects the relation between the size of the mortgage and the amount of the loan, with repercussions on the return to the banks and their willingness to lend. Owing to the restructuring of the credit system, reform of the pension system, and continuing expansion of banking services that occurred during the period under analysis, the supply of funds in the Chilean economy and prior family saving both grew considerably in those years. The proportion of families using credit to buy homes also increased. Figure 6 clearly shows the rising trend of that proportion and distinguishes three historical levels, which can be associated with the credit regimes described in section II of this article: up to 1959 II of this article: up to , between 1959 II of this article: up to and 1976 II of this article: up to , and after 1976 In this context, it is reasonable to ask whether the omission of those factors has a decisive effect on the estimation of the influence of access to the subsidy on access to credit. As there is no way of distinguishing credit supply conditions between the individuals in the sample, they are assumed to vary very little through time. One way of capturing the influence of those conditions on the chances of access is to include dummy variables in the logistic regression to indicate the year in which the property was purchased. The set of dummy variables informs the conditions of credit supply, thereby balancing the model's set of explanatory variables. 20 The new calculations are shown in table 4. 21 20 This reasoning implies that macroeconomic conditions and the aggregate volume of prior family saving in a given year affects the chances of obtaining credit for all families that acquired their homes in that year, in the same way and with the same intensity. 21 The set of dummy variables that express the year of purchase is significant according to the maximum likelihood test (lr). The calculated value of the lr statistic is 87,600, way above the critical value for any conventional significance level. Accordingly, the null hypothesis that the coefficients on the dummy variables representing the year of home purchase are not significant, is rejected. The value of the estimated coefficients captures the rising trend of the chances of obtaining credit, as illustrated in figure 6. Source: prepared by the authors on the basis of the 2009 National Socioeconomic Survey (casen).
Note: No. of weighted observations = 3,553,491. Degree of fit: -2 log of maximum likelihood = 3,340,059. Degree of fit (pseudo r 2 ) = 32.04%. The results shown in table 4 reinforce those reported in table 3, because the coefficient that relates access to the subsidy to access to credit has the same sign and magnitude. The same can be said of the coefficients on the other explanatory variables, except for that relating the age of the head of family to access to credit. This coefficient changes sign, from negative to positive, thereby suggesting that the older the head of the family, the greater the chances of obtaining credit, which makes more economic sense. The correction of the coefficient reflects the fact that there is a naturally positive correlation between the year of purchase of the home and the age of the head of the family, which, if not controlled for, biases the coefficient on that variable. Consequently, the macroeconomic and institutional conditions that affect the supply of credit help not only to explain the chances of obtaining credit, but also to correct the model's calculations.
V subsidies, credit and housing deficit in chile
This section analyses the housing deficit in Chile. After defining the methodology used in this article to measure the deficit and analysing its recent trend, the section investigates the factors that are decisive for the housing deficit, highlighting the role of the subsidies and real-estate credit.
Housing deficit
The Chilean housing deficit can be measured in several different ways. Simian (2010) mentions the three main methodologies: that used by the Ministry of Housing and urban Affairs (minvu); the methodology used by the Chilean Chamber of Construction; and that used by the Libertad y Desarrollo think tank. These differ conceptually, and the numerical calculations vary considerably from one to another. Arriagada (2005) analyses the methods used to measure the housing deficit in Latin American countries, and identifies two concepts that are present in nearly all methodologies: Homes made from precarious materials and squatter households, in which more than one family shares a home, are classified as housing-deficit situations; in other words there is a need for immediate relocation and an increase in the number of homes.
This article uses a methodology based on Szalachman (2000) to estimate the housing deficit in Chile. This methodology is less restrictive and brings together the elements that are common to most of studies in this field. While allowing for comparisons with other countries, this methodology does not use income criteria to select deficit families, which makes it possible to use income in the explanatory models of the housing deficit. Box 1 sets out the concepts used to estimate the housing deficit in Chile, which is analysed in the dimensions "Precarious housing" and "Cohabitation". 22 Table 5 shows the trend in the number of families in the two dimensions of housing deficit between 1996 and 2009. Firstly, the number of families living in precarious housing dropped sharply from 148,000 in 1996 to 67,000 in 2009, representing a 5.9% decrease per year between 1996 and 2009. The downward trend seems to be related to the systematic increase in housing subsidies and credit in the decades of 1990 and 2000.
Over the 13-year period, the number of families sharing a home with another family grew by 2.2% per year. In addition to displaying a trend that differs from that of precariousness, this sector represents between 16% and 19% of all Chilean families. This means that, over those years, family cohabitation continued to increase until 2006, despite the growth of subsidies and credit for families. 22 The concept of precarious housing used in this article did not take account of conditions outside the home, such as the existence of sewerage services, access to water, garbage collection and urban infrastructure. Those characteristics were not included in the analysis because the investment to construct such networks and services is not a matter of individual decision or a decision by the real-estate credit market. These are public services for which installation and operation is subject to other types of credit constraint and other decision processes. Those issues, which are highly important for the housing and urban context, require different treatment to that used in this article. motives of family tradition or preference for shared housing. The same survey notes that a minority (42.2%) of cohabiting families had plans to build their own home in the next few years. 24
Factors determining the deficit
The empirical analysis developed in this section also uses the database of the 2009 casen survey. As in the analysis of the relation between credit and subsidy, the 24 The methodology used to calculate the housing deficit in Brazil, which was developed by the João Pinheiro Foundation, does not count families that do not intend to build a home of their own. The dependent variables of the logistic regression models used to identify the determinants of the deficit are membership of the group living in precarious housing (0 no; 1 yes), and membership of the group living in a situation of cohabitation (0 no; 1 yes). The estimated equations are specified in expression (32) of the previous section, and the distributions depend on the variables that indicate whether the families have access to the subsidy programmes and credit and, also, monthly family income. The set of control variables includes the number of family members, the age of the head of the family, his or her level of schooling, the location of the home in rural or urban zones, and regional units. Tables  6 and 7 report the results of the logistic regressions to determine the probability of being in a housing-deficit situation owing to precariousness and cohabitation.
The results shown in table 6 are highly significant. The coefficients on income, access to credit and access to the subsidy are negative. As family income rises, the likelihood of being subject to a housing deficit on the grounds of precariousness declines. Access to credit and the subsidy also considerably reduce the probability of a family living in precarious housing; as do the number of family members, and the age and schooling of family heads. The spatial variables indicate that housing deficit is less prevalent in urban areas and in the southern regions of the country. In contrast, the regions in which families are most likely to live in precarious housing are Antofagasta and Atacama.
The results reported in table 7 on the probability of belonging to the group of cohabiting families are even more significant. The coefficients on income and access to the subsidy are negative, which indicates that access to the subsidy and higher family income reduce the chances of belonging to the cohabiting group. Access to credit, in contrast, increases the likelihood that a family shares housing with another family. The number of people in the family and the level of schooling of family heads have a positive effect on that probability, indicating that cohabitation is more frequent among larger families whose head has a higher education level. The age of the head of the family has a negative coefficient, indicating that cohabitation is more frequent in families headed by young people. The spatial variables show that housing deficit is more frequent in urban areas and in the country's most heavily populated regions: the Metropolitan region of Santiago and the Libertador Bdo. O'Higgins region. Special attention should be paid to the positive coefficient relating access to credit to the likelihood of cohabitation, since those two variables could be reflecting other aspects of the behaviour of Chilean families that are not considered in the theoretical model of the real-estate market developed in this article. Apart from cohabitation for reasons of preference and family tradition, some families have an economic strategy of sharing durable consumer goods and increasing the wealth of the family group.
The strategy of sharing consumer durables can be inferred from casen survey data. Ownership of this type of good is much more frequent among principal families than secondary families. In 2009, for example, 91.6% of principal families had a refrigerator, compared to just to 6.9% of secondary families. This indicates reliance on the refrigerator owned by the principal family. The strategy to increase the wealth of the family group is reflected in the number of secondary families that have their own property or are paying a mortgage (287,500, or 30.5% of cohabiting families). The homes of those families are mostly rented, which increases the income flow of the family group. This article has analysed housing policy in Chile, where far-reaching reforms were implemented in the housing finance system in the mid-1970s; and it highlights the strategy of combining credit with a subsidy in real-estate financing. That policy achieved positive results in combating the housing deficit, particularly in reducing the number of precarious homes, and it became a reference in this field for Latin America. Beyond individual government programmes, Chilean housing policy has gained the status of a state policy, maintained across several government administrations with different ideological tendencies. Based on the financing system in Chile, in which the property is purchased using resources based on prior saving, credit and subsidy, a theoretical model was developed to analyse the influence of the housing subsidies policy on the credit market and on the real-estate market. The granting of subsidies for home purchase increases the return on bank loans and expands the supply of credit. The subsidy also boosts the demand for loans. An increase in subsidies and the expansion of the supply of credit change the equilibrium in the real-estate market, resulting in an increase in housing capital per family and a reduction in property prices, with repercussions on the housing deficit.
Those theoretical relations guided the econometric analyses undertaken in the following sections, the results of which results for Chile corroborate the theoretical proposals formulated in the article. The most important new theoretical results were not refuted by the data: (i) access to the subsidy has a decisive influence on the granting of credit, directly increasing a family's chances of obtaining credit; and (ii) an increase in the amount of the subsidy reduces the number of families with housing capital below the critical level, in other words those living in housing-deficit situations.
The econometric results also help in interpreting the trend of the housing deficit in Chile between 1996 and 2009. New subsidies were granted year by year, and the percentage of families assisted by this policy grew. Whereas in 1996, 20.9% of Chilean families had received some type of housing subsidy, by 2009 the proportion had risen to 28.2%. Credit also flowed liberally: the proportion of families with access to real-estate credit rose from 22.3% in 1996 to 31.0% in 2009. The average income of Chilean families grew from uS$1,600, in purchasing-power-parity terms, to uS$ 2,100 -equivalent to 27% growth in the period analysed.
That trend of credit and subsidies, together with the growth of family incomes, led to a gradual reduction in the deficit caused by precariousness, as predicted by the theoretical model and in the econometric analysis. The trend of those variables also explains the relative persistence of families living in situations of cohabitation. In the reference period, the proportion of families with access to credit grew, and Chile became more urbanized, 25 factors that ended up increasing the frequency of cohabitation. Increased access to the subsidy, higher average family income, and the lower average age of heads of family apparently prevented cohabitation from increasing by even more. 26 The results show that Chile's housing subsidies policy has considerable effects on the deficit, reducing precariousness and reorganizing its dimensions, with a relative increase in family cohabitation. The tests undertaken add to knowledge of the effects of housing policy, which is useful not only for analysing the Chilean real-estate market, but also for research in other Latin American countries, such as Brazil and Mexico, which adopted policies similar to those of Chile in the decade of 2000. 25 In absolute terms, between 1996 and 2009, 1,167,000 new families were formed in urban areas in Chile compared to just 83,000 new families in rural areas. The proportion of families living in urban areas rose from 85.7% to 87.4% in the same period. 26 The average age of heads of family rose from 45.6 years in 1996 to 49.3 in 2009.
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